Quantum cognition is an emerging field making uses of quantum theory to model cognitive phenomena which cannot be explained by classical theories. Usually, in cognitive tests, subjects are asked to give a response to a question, but, in this paper, we just observed the subjects' behaviour and the question and answer method was not applied in order to prevent any mental background on participants' minds. Finally, we examined the experimental data on Hardy's non-locality argument (HNA), and we noticed the violation of HNA in human behaviour.
Introduction
Quantum mechanics was created to explain the puzzling findings that were impossible to understand by using classical theories [1, 2, 3] . Previously, all cognitive researches relied on classical probability theory together with principles of classical mechanics. However, it has recently been found that some experimental data on human cognition such as the violation of sure-thing principle [4] , conjunction fallacies [5] , disjunction fallacies [6] and order effects [7, 8] cannot be studied via classical theory.
In recent years, many researches have been done on using quantum theory in cognitive science [9, 10] . Research in the application of quantum theory in cognition science has created a new cognitive field called quantum cognition. According to some aspects of quantum theory such as complementarity, superposition, contextuality and entanglement, quantum probability seems to be a useful framework to describe a wide variety of subjects' behaviour.
We know the brain is a complex state of biological material; how it works and interacts with the external environment still is not well and fully understood [11, 12] . So subjects' behaviour is often claimed to be irrational [13] . There have been a number of theories about the brain function throughout the years. For some, the brain is a complex neural network obeying classical theories [14, 15, 16] ; on the other hand, some researchers believe non-classical effects are responsible for brain function [17, 18, 19, 20] . It is obvious that the interaction between brain and environment needs to be examined thoroughly.
The conceptual combination is an important concept in the field of cognitive science for understanding how concepts are combined among human brains. Aerts and Sozzo studied the combination of two concepts, the concept of Animal, and the concept of Acts, in the sentence, "The Animal Acts" [21] . The collected data showed the violation of Bell's inequalities [22] , and it revealed the identification of entanglement in concept combination.
In some papers, it is asserted that cognitive experiments are not as direct as experiments in quantum mechanics [23, 24] . In fact, in almost all cognitive experiments, subjects are required to give an answer to a question, and they usually provide a response that they think is correct, and not the first answer that crosses their minds; this means that the subjects' answers are stochastic, but they do not give a random answer like quantum particles. Therefore, in this research, we have studied the behaviour of sales operators and their customers of a well-equipped call centre 2 , solely by observing the subjects' behaviour without the question and answer method. In fact, we investigated the subjects' decisions so as to apply the maximum possible accuracy to the data collection.
As we know Bell's inequality is not the only way to express non-locality in quantum mechanics. Lucien Hardy describes the equations which show the quantum contradicts directly with local realism (not with inequalities such as Bell's inequality) [25, 26] . Thus, in the present study, we examined the experimentally collected data on Hardy's non-locality argument (HNA) to check whether the collected data follows the classical theory or not. In the following lines, first, we briefly discuss the theoretical basis of HNA in Sec.2. Then in Sec.3, we explicitly describe the experiment that we have already done, and, in Sec.4, we examine the obtained results on HNA (shown in Appendix); moreover, in Sec.5, we arrive at the conclusions of this research.
Hardy's non-locality argument (HNA)
Lucien Hardy provided an argument which revealed non-locality within quantum mechanics. Hardy's non-locality was later expanded by Cabello [27] . The Hardy's logical structure is as follows: consider four events , , and ∈ {+1, −1}, where the positive sign means that an event occurs and the negative sign means that the event does not take place. Also, we consider two observers, Alice and Bob, where and may happen on Alice's side and and may happen on Bob's side which is far apart from Alice. We can represent Hardy's non-locality argument (HNA) as:
The probability ( = +1, = +1) = 0 means that, if is measured on Alice's side and is measured on Bob's side, then the probability that both will get +1 is zero. Other probabilities can be analysed in a similar way. The equations (1)- (4) form the basis of HNA.
It can be easily seen that these equations contract local-realism if ≠ 0. In the local-realism, the value of q is zero, but in the quantum mechanics, for the non-maximum entangled state, the value of q is more than zero, and the upper bound of q in quantum mechanics is 0.09 [28] .
Description of the Experiment
In this study, we just observed the behaviour of the sales operators and their customers through the incoming calls, so-called inbound calls. In the call centre, where we did our experiment, the number of inbound calls was more than 2000 per working day and more than 1200 calls per holiday. The average number of inbound operators was 19 people per working day and 13 people per holiday.
As for surveying the research results by HNA, we assigned four events , , and as follows. We considered the parameter as an abandoned call (An abandoned call is a call that is ended before any conversation occurs). It usually happens when there is a waiting queue and the caller is frustrated with the time on hold; therefore, once a customer ended her/his call before an operator's response, = +1, and when her/his call was being answered by an operator, = −1. Also, we considered as a purchase, thus = +1 the moment a customer purchased a service, and = −1 when she/he did not purchase any services (In the call centre, operators were selling Internet services). We considered when an operator was responding to the incoming calls, thus = +1 as long as the operator was responding, and = −1 when she/he was not responding. It should be noted that the operators were allowed to change their panels' status to DND 3 mode for the purpose of resting. As a result, during the time, when their panels were in DND mode or there were not any incoming calls, the operators were at work, but they were not responding. Finally, we took when it was not an operator's working time, so as long as the operator was not at work, = +1 and when she/he was present at work, = −1. As we notice, events and are related to the customers' behaviour and events and are related to the operators' behaviour.
According to the above-mentioned data, the Eq. (1) is the probability that an operator was responding to a disconnected call, and the Eq. (2) is the probability that a customer's call was being responded by an operator who was not at work. The Eq. (3) is the probability that a customer purchased a service when none of the operators was responding to her/his call. Finally, the Eq. (4) is the probability that a customer purchased a service, and this sale was registered for an operator who was not at work at the time of purchase.
The sales process in the call centre was in this fashion. After an operator responded to a customer's call, the operator would suggest a service to the customer according to the customer's needs. If the customer purchased the service, the sale would be registered for the operator. But sometimes, the customer remained confused about purchasing the service or not, and she/he needed more time to make a decision. In this situation, whenever the customer made a decision and called again, the sale would be registered for the first operator (the operator who answered the customer's call at the first time) and the second operator (the operator who answered the customer's call at the second time) just registered the sale, if the client purchased the service that was suggested in the previous call. On the other hand, if the customer asked the second operator to introduce other services and the customer purchased the service that was suggested in her/his second call, the sale would be registered for the second operator. In fact, each sale would be registered for the operator who convinced the client to purchase the sold service.
To collect the customers' information and avoiding disruption in allocating commission to the operators, all the responding and sales processes were registered in the call centre database. Also, all the conversations between the operators and their customers were recorded too. The sales process flow diagram is shown in Fig. 1 . The customer asks an operator to introduce other services
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Results and Discussion
The results that are shown in Appendix include the number of calls responded by the operators, the number of abandoned calls, the amount of sales made by operators who were not at work at the time of purchase (absent operators) and the amount of sales made by operators who were at work at the time of purchase (present operators) concerning all calls from August 22, 2016 to October 21, 2016. Totally, over 115000 calls have been reviewed in this study.
Returning to HNA equations (Eq.(1)-Eq. (4)), we know, once a customer ended her/his call before an operator responded, there was no chance for the operator to answer the abandoned call, so the Eq. (1) is zero, and when it was not an operator's working time, she/he could not respond to the incoming calls, so again, the Eq. (2) is zero. Moreover, while no-one was responding to a customer's call, she/he could not purchase any services, thus the Eq. (3) is zero as well.
Finally, it is expected that when it was not during an operator's working time, she/he was not able to sell because she/he was not present at the call centre to respond to the incoming calls and encourage the customers to purchase, but the collected data (column 4 of the table in Appendix) shows the registered sales for the absent operators.
We know that, after hearing an operator's presentation, the customer must decide whether to purchase the service or not, but she/he may be indecisive which allows both of these definite states (purchasing or not purchasing) to have the potential for being expressed at any given moment. In fact, as long as the customer is indecisive, she/he is in a superposition state that makes her/him feel confused, or uncertain. Sometimes the customer makes a decision about purchasing the suggested service after working time of the operator who presented the service to the client. That is why we observed the sales records made in absence of operators.
Consequently, the Eq. (4) is equal to the total sales amounts made in absence of operators (the total sum of column 4 of the table) divided by the total sales amounts made by all the operators (the total sum of columns 4 and 5 of the table).
( = +1, = +1) = 50373989 1273102156 + 50373989 = 0.038062
The amount obtained shows that in this experiment the human behaviour is not in conformity with local realism.
Conclusions
In most of the cognitive experiments, the question and answer method is used. In this case, there is the likelihood that subjects' mental background, environment and other external factors might affect the subjects' response. In other words, subjects initially evaluate questions in different sample spaces in their minds and then express their answers, while researchers are not aware of those sample spaces. Therefore, we solely observed the subjects' behaviour (the sales operators' and their customers') for collecting data with the highest possible accuracy.
According to the collected data in this experiment, subjects did not behave classically. Therefore, it is recommended that in the research studies related to the analysis of individuals' behaviour, not only the results should be checked in classical mechanics, but also they are expected to be studied in quantum mechanics.
